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This paper presents a methodology for correcting body-wave magnitudes
for the effect of focal mechanism in a routine manner. The method re-
quires a knowledge of the prevailing or dominant mechanism for a geographd
ic region, from which tables are constructed which enable one to make the
necessary correction. Included in the paper are tables for Aleutian Is-
land, Kamchatka and mid-Atlantic Ocean earthquakes.

From a study of seven earthquakes, it is concluded that the present
method gives essentially the same average magnitude with the same standar
deviation as a more exact method of correg¢ting for the focal mechanism.
The latter method uses the focal-mechanism parameters of the earthquake,
which must be determined independently for each earthquake,

The existing distribution of seismograph stations 1s such that trans-
form-fault earthquakes of the mid-Atlantic Ocean will consistently have
their P-wave magnitudes underestimated by about 0.2 magnitude units, 1if
no correction is made for the focal mechaniam. On the other hand, P-wave
magriitudes of earthquakes in Kamchatka and south of the axis of the Aleu-
tian Trench will be overestimated by about 0.2 units.
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A METHOD OF CORRECTING PAVAVE MAGNITUDS FOR THE EFFECT
OF EARTHQUAKE FOCAL MECIANISM

A A Svep® axo Orro W, Newr

ABSTRACT

This paper presents a methodalagy far correcting body-wave magnitudes far
the effect af facal mechanism in a rautine manner. The methad requires a knawledge
af the prevailing ar daminant mechanism for a geagraphic region, fram which
tables are canstructed which enable ane ta make the necessary carrectian. Included
in the paper are tables for Aleutian Island, Kamchatka and mid-Atlantic Ocean
earthquakes.

From a study af seven earthquakes, it is cancluded that the present methad
gives essentially the same average magnitude with the same standard deviation
as a more exact methad af carrecting far the facal mechanism. The latter method
uses the focal-mechanism parameters af the earthquake, which must be determined
independently for each earthquake.

The existing distributian af seismograph statians is such that transfarm-fault
earthquakes of the mid-Atlcntic Ocean will cansistently have their P-wave magni-
tudes underestimated by about 0.2 magnitude units, if na carrectian is made for the
facal mechanism. Onthe ather hand, P-wave magnitudes of earthquakes in Kamchatko
and sauth of the axis of the Aleutian Trench will be overestimated by about 0.2
units,

INTRODECTION

For astudy of earthquake statisties, it ix destrable 10 classify seismic events aceord-
ing to their relative and absohite size. The cancept of magnitide, ax introdieed by
Richter (1935), first made this elassitiention possible. However, Tor the sntdy 1o he
meaningful, it is neeessary 10 make the determination of earthgnake magninude i
dependent of anomedons propagation comlitions and of the existing distribution of
setsmuagraph stations,

For amiferm somree leeated inoan Eavth medel whieh is Eiterally homogeneins,
Cartenberg and Richu’s (1956) Tormnla for thee body-wave magnitnde, w, ean be
written us

W, lew () Ty + f}(/». A (R R

where 1 is gromnd ainplinnbe, 7 its correspeonding paevivad, Ao the fonal depth sl 3
the epdventral distanee, Degernmes from this ideal sse e ol by ateral hetene
geneity i velorins aind by the s merlanisim, The former inehikes offeet at the ~ia
tiow sl the o, which may e e if the paths erass deseviding lithospdierne
phates (laenh, 19505 "Voksiiz of al, 10T) L The elleets of foeal meehanism wan e 5
rther bvnge nneders or overestimation of the magninde, epenibing g thee dhistpiimg
Vi oof seistograngdy sitions el i ealendating the isgninnde (von Seggem, 1970
damesel (1S i Chzinden 9701 puvguoses] miethds of pvving e sbetermines
vion of Dbewly wave magnitimhe In ooncidering the sfleet of Vhee ptinntiesn paadiern v thoe

* Preeent mlilores 000dbee nivereal Sesrnere Doterrtuomal frer 02y VMevns
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recorded P-wave amplitudes, Chandea’s (1970) method requives prior knowledge of
the foeal-meehanism parmeters of the earthgnake. Beeause sueh data generally wre
not available, the method eannot be applied o a routine basis. In Jaroseh’s {1968)
method, a foeal-meehanism solution ix ealeulafel from the signs of the first 2 wotion
and the muplitudes of 22, The amplitides of P, then, are correeted for the radiation
pattern and used to determine the body-wave magnitude. A limitation of the wethod
for practical purposes ix that it requires a large amount of data well distributed in
azimuth, signs of fiest 12 motion, and a rather extensive sef of culeulations. The purpose
of the present study s to duvelop o simple method which voutinely ean be used to ob.
tain body-wave magnitude estimates thad are corveeted for the foeal uechanism, To
thix end, the coneept of o dominant foeal meehanism, representative of the meeluinisim
of earthquakes in a given hypoeentral region, is introduced.

Tnrony

The P-wave displacement, w, on the surface of 1 foeal sphere of radius B, owing 1o o
double-couple source with furces K (D), is given by (Bessanovn et al., 1960; Stander,
1012

=20y’ (t = R «) dmpa’ i’ ()

where pis the density, o the P-wave velocity and K (1) the time derivative of A ().
The quantitiex e s g depend upon the orientation of the forees of the conple sund the
locition of the point on the surface af the foeal sphere at whieh the particle dispdace-
ment is being ealenlated. Equatians for .« and g are given in the Appendix.,

Al the terms in eguation (2) exeept for 2oy are constant «an the surface of the foeal
sphere, This, the observed 2-wave amplitudes, when divided by 2oy, ave coaereeted in
refative sense far the earthquake radiation patiern. From the cquations given iu ihe
Appeudix, it ean be shown that the absolute valne of 2oy varies from zera touniy,
By o simple integeation, it fuether van be shawn thar 1he average vahie of [ 2ry wver
the surface of the fueal sphere is 4 3= ar apparoximacely 0424, Thus, in adder 10 earrees
the observed amplitnde far the elfeer of the foeal meebsenism in an absolate sense, it is
necessary tacmnhiply the amplivade Toe 04249 2oy Phis will feduee the abserved
Powave amplivade fram o denble-cagde sarree 1o thar which it wenld be from o
spdeerically symmwarie souree, whose hypetherienl amgdivnde is the avenge over the
surface of the foeal sphere of the actal ampdinmdes fran the daublevuple smres,

Por bodvawave magnitude determinations, it is best 1o mse dara from stagions
distant from nowdal Fines, i.e., with large ey faetars, N andy are amplinmdes o 1l
seisnvrnni larger sl loss sbjeei 1 ermrs of measinanent., b, alsed for snely sia
views, snall erroes i the foeab-meehanism parmerers will have s minimal offeer pwan
e vilue of Ly nises! in nslueing 1he ampdinnde for the ralintion pattem of the cartl;
ke,

Fanthyaake foei beeated inon given vegion 1ened 1o have similar foenl neehainsime,
whieh i« in keeping with the thewry wf phate tevtanies (bsavke of af,, 1968), O e
hageadiesic that charneieristie foei exist for given hispmsevninal regiotie, foeal nwelanisig
frameiees for a demitand o avernge mechianion of a s e e determnsines], | e
this the Lry factonr enn lne eabenlatest for each setaniwogeagle atatione, aiml o Bal of Sy
faeturs ean b cvmpulest fur all wisnsegrapd statmme for w0y entthopake (i e prgiees
Vhe Dot oof Lry factoors is aihises] it 1wes mans Vst 10 i spess] tee versdy op sheptrore 1hal
the aetial fornl mechianiom of 1he carthoprake evnfotine 1o e desitentd o (54 val
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Kisslinger and Nutthi, 1971). Second, if it ix esiablished that the foenl mechanism is
nornial, the list is nsed 1o seleet those stations which have 2 waves of Luge amplitude
and, therefore, ave best suited for megnitnde determination,

Consider the sublist of seismograph stations for which 2oy > 0424, Call (mi)y the
magnitude, covrected for the foeal mechanism, for the Pth ol 1 siteh stations for which
P-wave amplitude data ave available. Then

A/ T)i

- Q,.
(2ry/ 0424), +

(), = log

The uncorvected magnitude, ()., is given by
(mu)e = log (3 T), + 0,
from which it follows that the magnitude caleulated from the Pt station is
Om), = (i) — log (Ley 0.421),.

The average magnitude, based npon the data of » stavions, is

M, = (’Z’:l (m:.).)/ n o= (.Z:; (nn,_.,).)/n - ('Z; loge (2ey 0.4‘_’4);)/". )

The tirst term on the vight-hand side of equation (3) ix the magnitnde of the carth-
quake, ineorreeted for the foenl mechanism. 1 may be ealled wn . The second 1erm,
palled £, s approximately equal 1o

A
—(Z log (2ey 0420 ).)/.\'. nsSN
e=1

where N s the total wmnber of the stations of the sublist for which 2ey > 0021, Fis
a entistant for sl carthgquakes of the region laving the dominan foeal meehanisim,
and, thins, may be eablesd the regional eorreetion faetor, ae is stggested by rewrinting
cepation (GF) ns

e = 1y . b F. (i

Fopration (1) poviedes 2 aimple procedure for eatentating nugudtmles swhich e
cotrvetesd for the effeets af the foeal meehaniam, ones e 2ry faetors dvd the valie of ¢
e ealentatedd for o g of sectstingrnphe shidinne aned o given region, One merels
Toonds thee avernge we, (o the it aof theeses atiatisons for which 27y > 0 128 and oelile
too this spranity thee tabmlated vahe of F

Sy pe Tns, sl STAIN.

Prbdichosh frarnl morebamtat sesdetion s oof eartbeprakes in the Nlentsan bedasle, hawm
Ak a arwl the minl Ntlsttee Vvan fave tovn evotngabesl Foot the \levtian Febamle, 10
ane el that the remenbernsd var thepiakes, o Vhee Jeacee o tetr foaral powrsdentitarne,
divisbe e thive goages atwl that theee greies s gevegrspdimsily et Ao the
eagthepaakee oy atviararsd oot ther Fanmbatla tvgeen, Jeraetvy evarbd boe pugureniod In
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asingle dominant meehanism, For the mid-Atlantie Ocean, the wieelamsms are of the
tensional type, as associated with ridges, or of the strike-slip type, ax associated with
transform faults along fracture zones,

Mewtian slands, The fivst gronp (€ oup ) of Aleitian Island earthopakes is bused
an the common foeal-mechanism sohitions of 12 earthguakes in the Rat Islands, The
loeations of these earthaquakes, as well as those of 1he other Alentian gronps, are <hown
in Figure 1 Stannder (1968a) and Stander and Bollinger (1964) determined the foeal-
mechanisin parameters of these earthquakes, The averages of these parameters, whicel
are taken to be those of the dominant foeal m. chanisim, mee: X -axis azimath 832603 +
570, plunge B3 4= 652), Vaaxis (axinmnh 16903 2972, plinge 72°8 4 3°7). The
Xoand ¥ oaxes are the axes of the forees of the double-couple mechanism. Beenuse e
dominant foeal-meehanism parmmeters have been obtained by taking the arithmoetie

T T T T
Group
| L
;d- a
LIS b -
| 3 X -
» 2 e

RN 1™ gl
sof N g et

= 2
“ap . Py # «F T 4
‘_:- F T w:*h‘ ; ._. - -

B i

(= L i l
I70 178 180 175 170 165 160

Foe L Epimmnieat bsation of Abentisne bkl earthigpokes, with gronping acvording 10 foenl
wechanism,

average of e 12 earthopakes of 1his region, 1he resulvineg X sl ) ves e ot vaneth
ortlwgonal. Pur exampde, in s enee, vrthogonalit = ean be achieved e inereasing 1he
Pl of the ) anis by 2220 Anw or all o e P parzineters could e vhanged, of
evarse, i make the Xl 3 aves niilly prerpevshentlr,

Thee foseanl muehinisng of varthngaakes of Grog 1, Meian sknls, correspotuls 10
that for which ve 7' wavee 1eudal e is staeply dipping il e nther is s lnost
Iswvzental, Nesurnninng 1the Bitrer 1 bae e Gonle plane, Seanhee ¢ 1isg ) lonosl 1l the
wtkon s elireieristiv of thris fonding alongg o plnye dipping o1 alware 13 10 20
wnder the skl are. The sdatve nwetion of 1l wirderthiier bloek 1s ot 1o
mtthwesy,

Vo this oml the etloor govanpes evensilensl, 2ry faetors woere esleibatest for all the
WWSSN el sont Daange rlll\"l"il_\ setsmesmraply statims, o< well ge station 1Y | oef
LASN, whieh o i the epieenteal ihistane: g oof 25 1o 1000 Ple et npne given

Tl 1, P by poav-aiter oof the ennthigmake oof Febipnary Vi s 27N 1T
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wis fiken 1o be representative of the earthguakes of Gronp 1y Mleatian Iskowds, for the
purpose of ealenlating epicentral distanees, angles of ineidence at the foeus and -
muths of the great eivele paths from the epicenter to the stations,

The first et of stations i Table 1, for which 2ey > 0421, correspond tacthose thad
are 1o be used for magnitude determinations, Tt ean be observed that the only stations
in the United States which will have larger-than-aversyge 22 amplitades are OGD aund
WES, whereas, ahimost all Faropean wnd Asian =tatious will have Lrge valnes, Thns,
a Powave magnitude for an earthgquake in thix region, iF it priveipadly s hased ipou
it from United States stations and if no foeal-meehanism correetion is made, will be
underestimated. The minas siges preceding the 2ey faetor for some stadions indieate

TABLE 1
ey aNp F*OIwerors ror ALEU AN Isiasns, Grore 1 Farmnogr ykes

Station vy Station ry Station RARY Shction Iy
MU 0,798 MsT 04365 ADI 0. 183 NI —0. 1%
AQU 1. NG NDI 0,004 ANl 0.7 JC7T 0,137
ATU 0,882 NIy 0,660 ALY 0,003 1LON 0,071
FRTH 0,579 NOR NS08 ATL 0,305 LIS 0,81
E30(Q n.121 NUR 0. 006 BIHIP 0,255 LU 0. 131
CCa 0,717 OGDh 0. 130 BIs - 0.0 MDN 0,324
M 0. 1 PlA 0.710 BILA 00362 MIr 0,231
cor 0. 800 POo 0,867 BLO 0364 MNN 0,307
IS .83 T 0,788 13O 0,20 MUN 0,354
DI 0,693 QUL 0945 130y7, 0,135 ONT 0.7
TINS 1.693 S0 0.725 CAR 0358 PN G 0.6
11w 0,882 | n.a7 o 0.0 qui 0,224
1HOW 0.8 s, 0,818 CTA 0. RAR -0,024
IST 0,42 SNG 0600 (B]| 020 kAL 0,302
J1B (). 801 ST 0, NG (AR 0,181 RCD 0.212
KWy 0. 86 TAR 0,928 DAY 0,251 RV 0,074
Kir A0L67N Tol 0,804 DU 0.073 1O, 0.2
Kob 0.8 TR 0.N71 IOy 0,285 =P 0,404
INON 0,872 UMY 0,895 (H XD 0,398 SHA 0,255
[PAYE 0.4l VL 0,806 Gl 0,135 ~EN 0,274
MAL 0,797 W= 0. 64 (l, a1t TAU 0, 108
MAN (.50 ON(* 0,032 T 0.017
MAT 0,580 AAM 0.5 GUA 0. 12 WL 0015

=1, Begioned vorvection facior —0.25,

it the diveetion or setse of the fiest 22 motion ar those starions will be oppeeite that
alb other stations,

The erthquakes af Grouge:2 of the Aleutian Iskods extend aloug the are from the
Andreanalt tecthe Fox Iskinds, as enn be seen in Figure 1 An aversge foeal mechanism
ie ealentated Tram the weehanism parameters of nine earthgnales, as determined b
Spauder and Udias (000, Tes vadines ares X axis Gzinth 30808 £ 1101, pdinge
220 4 720, Y oanis Gzt h 19171 £ 771, pdunge SION 4= 702

Falde 2 presents the Zey nd F o faetors for Gronge 2, Mevtian sland eavthguakes,
Mot b ol the stations witle 2oy > 0020 ave i Asiacar the sathwest aeilie, This
1" wave wagnitnde estinedes for earthgnokes i this region whiel vely heavily e
Ubited States and Envegean dara will be toc siall, inless o correection for the Toeal
mechanisue is made,

The exacthepiakes of Groupes af the Mentan slandsare loeated in a navrow band jus
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to theesouth of the axis of the Aleutian Trenel, ws shown in figuve 1. Stauder (1968h)
determined foeal mechanisms for 1 earthguakes of this group. Mlthough the P-wave
HorbaF prlavrese iy a0 aboit this e wigee for ol those carthouak s, thiddi stidhe Bircetione
change ax the orientation of the axis of the trench changes. For this reason, il was
decided to subdivide the group of carthquakes into two parts, o western (Group 3h)

1 1} ' (3]

il e By e Rt seend mmesbceren prosmrotons for @ o ool
Naaxis (zamnuth 009 4= 1294, plunge 4220 £ 791), Vaxix (azimuth 350°1 == 31°4,
plunge 39°1 £ 7°3). For Group 3b they are: X -axis (azimuth 16°0 = 13°5, plunge
4000 £ 129), Yeaxis (aziunath 23120 = 798, plunge 43°7 = 3°5). Both -wive nodal

planes dip at about 45°, and their strikes ave approximately pavallel to the trend of the

TABLL 2
2ry, AND I Facrtors vort ALEURIAN sLasns, Grove 2 Eaernor vk ks

Station 2ry Station ey Station iy Station Juy
ADI 0,620 NIL 0.712 COR — 0.1 NOR 0.0
BAG ). 86 TAB 0,474 01 0.010 NUR 0,260
A 0.6:45 TAU 0. 550 DAL 0.017 aah (008
GUA (}. 858 U —. 01 [GAND 0.01t8
K¢ 0.872 AAM 0.068 NS K 0,235 PlIIA 0.043
LAY 0. 430 AR 0. 189 I'LO 0044 To (). 280
1IN 0. 556 ARU 0,152 GDII 0.074 QUI 0. 133
THOW 0.731 ALQ —0.020 Gl 0. 001 RAR 0. 13t
NINK 0. 451 AQU 0,312 Gl (.02 RCH 0.0tt
KOD 0.705 ATU 0. 3M GOL —-0.010 ROL. 0.034
LAN 0,625 ATL 0.070 GRC —10.003 P (1.OS7
MAN 0,892 Bl (), 131 Isr 0,306 SIA 0.033
MSI 0,532 BI1? 0.117 KEV {).202 SLM 0.0ty
NDlI 0,563 BIKS 0.000) KIP =0.314 STU 0.301
NIA 0.81) BLA (1. 08t KON 0,242 TOL 0,207
MG (. 691 BLO 0.057 LLON —0.038 TRI (1,331
POO 0,670 BOG 0,144 L.Ps 0,050 TRN [
QUL (. 5 BOZ — 0,008 LUB — 0,008 ¢ —0.060
RAI 0.471 CAR 0. 160 MAL 0,304 UM 0. 237
RIV 0. 52 e 0.038 MDS 0.050 VAL 0,227
SO 0.878 M 0.012 arr 0.024 Wil 0. 103
NI 0,531 cop (4,272 MNN 0.0t0 AWVIES 0.103

* I, Regional correction factor = —0.20,

trench. The cartiiquakes are of extensional eharacter, with the axis of tension poer-
pendieular 1o the axis of the trenceh.

Tables 3 and 4 contain the names of the seisntograph stations to be used for P-wave
magnitude determination for earthguakes of Group 3a and 3b, vespectively, of the
Aleutinn Islands, For Group 3a cavthqguakes, all except three stations in the distanee
range 25° 10 100° have 2ey > 0424, This indieates that the geometry of the foeal
mnceliuisn is sueh that the ray paths to most seismograph stations will intepseet the
foeal sphere at points where the P-wave amplitudes ave greater than the average over
the surface of the foeal sphere. Thus, PP-wave magnitudes for carthquakes of this region
whicl are uncorreeted for the effects of foeal nechanism will be oo large, Note also
for Gronp 3a and 3b earthquakes that all 2ey Tactors have the same sign.

Kamchatka. On the basix of the focal mechanism solutions of 16 eartliquakes, as
given by Udias and Stauder (1954), it appets that all eavthguakes loeated on the east
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const af the Kamehatka peninsula have similar mechanisms, Figure 2 shows the loea-
tion of the earthguakes, The dominant facnl-mechanism parnmeters far this group al
soethepinkes ares No-nxis Gzimuth 317238 4 1025, plunge H02S £ 492), V-axix (nzimmth
13207 4 1301, plunge 45°%5 £+ 246),

According to Udins and Stauder, the charaeteristie Teature of the foeal-mechanism
salutions of this group of earthquakes is steeply-inelined, near-vertieal axis of ten-
sion. The P-wave nodal planes dip abauc15° each and =strike in o northenst direedion.
In most eases, (he pressure asis is normal ta the divection of (he const of Kamehatka.

The list of stations with their Zey factors far Kamehatka earthepakes i given in
Table 5. Almost all stations in the distanee range of teleseismiie 12 have 2oy > 00124,

TABLLE 3
2ry, axn F* O Factors Fore ALECTIAWN 1shands, Grote 3y Farngr AKEs

Slation Ly Station vy Station dxy Stition day
AAM 0.7 nUG 0.650 MAN 0,605 P 0,756
ADE 0, (43 1NK 0,635 MDS 0.727 SO 0. 168
AKU 0,571 1'LO 0,738 My 0,722 S1A 0.762
ALQ 0.676 G 0.5 MNN 0.715 s 0,674
AQU (LIP3 (50 0.761 M= (0.633 S, 0n.61t
ATU 0. 6907 Gl 0.773 N1 0.638 SLM 0,738
AT 0. 767 (O, 0, 686 NiIA 0610 ST 0,665
BAG .60 (18 0. 601 NNA 0,806 TAB 0,653
Bl 0. 800 GUA 0.502 NUR 0.517 1O, 0.73H
By (0. 804 K¢ (). H86G oG 0.760 Tl ).680
BIKS (.58 1IN R 0, 18 OXV (.71 TRN 08138
BLA 0.767 HOW 0,644 DA 0.771 e 0615
131.0 0,719 18T 0. 671 PMG 0567 UM 0,530
BOG 0.825 JuR 0.695H 100 (), 687 VAL 0,668
BOZ 0,674 KLV 0,162 110 0,737 \VIEL, 0,616
CAR 0. 836 KOD 0.GU8 QUIE 0.6t WES 0.75%
G 0,455 KON ().586G QU1 0.81H
cMC 0,504 LAN 0,62 AR 0.520 AF1 0. 107
cor 0.611 [LON 0,631 AR 0. 161 K1 0,052
con 0.614 L.ps 0,769 (G 0. 64D NOR 0397
(B3 ). i8NG 1.UB 0,702 RV 0,630
DAL 0,721 MAL 0. 748 IHRIP 0.731

* . Regiongd corvection fuetor —0.20,

which indieates that relatively inrge P-wave amplitudes are to be expected at all sta-
tions, As far Group 3, Alentian Island earthquakes, all of the stations in Table D have
the snme sign for the 2ey factor,

MW id-Atlantic Ocean. The mid-Atlantic Ocenn earthquakes divide into 1wo gronps,
fensian-type associnted with the ridge and strike-slip assacinted with the transtorm
fault= af the fraeture zones, Figure 3 shows the loeation of 20 eavthepiakes far whiel
published faeal mechanism salitions are available,

Group 1 of the mid-Atkantic consistx of evthyuakes of the transform-fault 1ype.
Sykes (1967) and Stauder and Bollinger (1966) gave foeal mechanisin sohitions Tor
seven eavthgnakes of this gronp. Their avernge pavameters are: Nannis (azinth
274%6 4 724, plunge %1 £ 7746), Y axis (azinnth 120 £ 7°7, plinge 296 £ 1121,

"Twa prablems were encatntered in preparing a list of stations to be nsed Tor mag
nitude determination for Atlantie Ocean earthpiakes, First, the orientation of the
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hodal planes is suel that almost all 22 waves aeviving at teleseisntie distanees will e
stall 2ey factors (relatively snall 2 amphitndes). Thus, one is foreed to use data from
stations with 2ey fretors less (han the ave age of the valites over the suefaee of the foeal
sphere. For this special group, we will require only that 2ey > 65,20, The regional
correction factor, I, will accordingly be positive,

The second problent arises from the faet that the epicenters of Gronp I, mid-Atlantie
earthquakes are spread over o large geographic area, Thus it ix ot possible 1o assign n
“hvpieal” epicenter for all earthquakes of this group. Beeause the 2oy factor depends
npon epicentral distanee and azimith from the epicenter to the seismograph station s
well as the foeal-mechanism parimeters, no single valie of 2ey will apply 1o all earth-

TABLLS |
2oy AN FYOFawerors vore ALK TN IsiAaNDs, Grore Su Fawrnol skigs

ShLition vy Station REAY Station pARY Station PARS
AAM 0. 193 [TIA\N 0,968 100 0,959 A 0,422
ALl 063t HHOW 0.907 Pro 0.81] ALQ 0,100
ARU 0. 1INS INT 0.944 QU 0. 980 BKS 0.52]
AQU 0,905 Jin 0.973 RAR 1. 5006 BOZ 0,320
AU v.012 NI 0.783 [[4RY 0. 590 CNIC 0,273
AL 10,531 KOD 10,1038 INRIN 0,472 con 0, 268
BAG 0,62 KON 0815 RO 0,520 Dl 0,338
B¢ 0.6]2 A6 0,068 S50 0,543 buUa 0,511
BIP [UNHY] [RA 0. 606 SIHA 0,526 O], . 381
I$1..\ 0. 531 1.UR 0,110 RI 0,080 - LR 0,471
BLO VTS MAL 086G S 0,805 GUA 0,208
1301, (YR MAN 0. 505 NN 0,474 IINR ).301
CAR 0672 MDR 0.7 S 0. 870 K1 0,313
G (13 NI 0,133 TAB 0,076 1.ON 0.26]
cof 0,817 AV 0,083 TAU 0019 MNN u. 7
CrA 0.510 MUN 10,701 TOI, ). 861 MG 0,122
IS 0,798 NI (IR TRI 1801 AR 0,312
Il.O 017t NIIA 0,733 UM 0.819 nReH 0,362
Gl 0,521 NoR 0,506 AL V787 o 0.11]
(AT XY .51 ach 0.5t WII, 1,502
G 0.615 OXN v 106 WS 0,550
ke 0, GIH) I'Ha 0,487

S F Regional eorrection foenr -T2

quahes of the gronp. The only way 1o handle this problem ix to ealenlute seis of 20y
faetors, eaeh one of which applies only 1o epicenters in a limited range of Luitnde and
longinude,

Fable 6 applies 1o Group 1, mid-Atlantie earthquakes with epieenters from 7° 1o
N, 367 10 83°W Simikie tables ean be prepared for Gronp T oearthguakes witl
epicenters that fall owtside these geographie limits, The stations are divided into sers,
evrrvespraeding 1o 2oy being greater or less than 0,200, Il stations in Afrien and Einope,
with the exeeption of those in Spain, belong 1o the second set, indieating that P-wave
smplitndes ot st:aions on those continents will be telatively vory small,

Thirteen foeal meehanism solutions, as given by Misharing (106:4), were avernged
toogive the pameters of the dominant meehanism of Group 2, mid-Nilantie earth-
apirkes For these carthepiakes, the tension axis i< near hovizontal s perpendientar to
Hos ridae axis,and the pressure asis approximately horizontal and paratiel 1o the vidge
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axis. The average mechanism parameters are: X-axis (azimnth 222°7 4 2721, phmge
INON &= 8O8), Yeaxis (azimnth 31594 & 2720, phige 20%4 + 6°6). For this gronp of
arthquakes, the stations in North and South Ameriea have 2y factors greater than

. 0424, with corresponding relatively large -wave amplitudes.

o Similar to Gronp 1, the earthgnakes of this gronp can have a large geographie separa-
tion. For this reason, the compnted 2ey factors arve valid only for earthquakes ocenrring
in a limited geographie region, Ax an example, Table 7 gives the list of 2ey factors for
Group 2, mid-Athintie earthguakes with epieenters: batween 49° 10 56°N and 28° 10
35°W,

Avenicamon or e MeErHon

P-wave amplitndes are affeeted not only by the foeal mechanism, but also by crnst
and upper-mantle strnetnre near the sonree and the station. The conventional method

I
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s 20 Epicentyal loewtion of Kamebatka earthgnakes,

of obtaining i, wilizex A, 7T valnes obtained from short-period, vertieal-component

seaxmographs, However, long-period 12 waves are more cohierent aerass an avey than
) short-period ones, with their amplitndes and wave form exhibiting little dependenee
npon variations in geologieal strnetures beneath the aveay, Sved (1969) demonsiraned
this for LASA and Nuveli (196:1), Tor the Saint Lonis Universiny netwark i the eenieal
United States, Therefore, a deeiston was made 10 use long-period £-wave somplinades
in the present stidv, in order to minimize 1he effeets of ernstol stenenie an the
phtdex and, thns, 1o emphasize the effeers of 1he foeal meehanism.

It further was decided to nimke nse of the smplinnde of the tiest half-esele of e
P-wave motion, eother than the naxinmm in the liest three or more eveles, as is ens
tomary when shoar-peviod data are nsed. This rediees 1he esmplieatinons owing e
crnstal effeers at the stadion, inehiding converted 8 waves and leaking mesle 227, waves,
The mensred smplitndes were “eorveeted” for the freseney respemse af the scisin
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Dl € vdies, D the excompdes whivh fdlow, the oo values given are these abiainel
weing Dinla's Q) talides,

Seven earthopuakes of the Mentian Isamls and mid-Mlantie Ocean were seleted
forr stunedy, ecrest the heery mnd methodobagey developed inhis pager. Table S presents
ot foor e Mewrian Lsland, Grongs 1 earthimake of Felirnaey 6, 18065 Frone te table,
it e Do seenn that the ey Fetors are less tlen 02 for ondy five of the 30 siations.
Pharefore, it is 10 e expeetd that the average of te m, values, and its standard

* devistion, will be apprasimzacly the same fur the s of all 30 stagions as for the 25
fur which Sy > 04020, Thix expeetation is canfirmed. Tle average m, for all stations
listedd it the tabibe is 1098 £ 0,22, whereas, e average of the i, values corresponding
ey > 0404 is 631 £ 0.2 However, neearding (o onr proey edure, we mnst add the
vl corrretion actor, as found in Table 4, of =025, This gives a eorrected body -
warvee g tude of H.06 £ 0.2,

U R — .
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Fra. 4. Epicentrad Laeation of mid Atlantic Ocenn carthquakes. Tiranp 1 eaethgnakes, desig-
nnted by &, are af the eansform Fanlt ty pe, associated with fractnre zoaes, Tivong 2enrthgnakes,
desigantes] by @ are of thee tension Ty e, axsucinted witle thee ridge,

TABLL 6
Prg wwn FO Facions voic v AT, Gurore I sierntor akkst

Sabion ey St My NGivn iy Sation v
AAM — 0,367 LI'B 10,354 ARU 0. MxI 0.077
ALQ 0,233 LU —0.255 AQU .13 NAI —0.027
ANT 0.313 MAL n.219 AU 0,180 NDR —0.008
AR 0. 334 MDx —0.332 Bie —0.63 NUR 0.062
AT —0.351 M —10.200 BR= —0, 1914 I’hA 0.042
nre —0.150 MNN —0.321 BN 0.032 PRI —0.085
BlLA —0.379 NNA —0.267 BUL SIRLE] 10 0. 190
1BLO —0.351 oG —0.403 CAR —0.110 QUL 0.070
BOZ -11,251 ONTF —0.320 G —0, 159 QUI 0. 107
oM —0.205 Ren —0.278 cor 0.0t S 0.080
ConR —-0.208 1O, —0.323 DR 18 0.068 SOM —0.027
[B]] —0.271 =P —0.308 Gbll —0. 187 SPA 0.0
DAL —0.276 NIA —0.310 Gl 0.061 STU 0.153
UG —0.235 SLM —0.332 (N —0.199 TAR 0.107
110 —(.328 TOl 0.218 INT 0.152 TR 0. 39
150 —0. 3 e —0.213 JIER 0. 141 TRN —0,137
GOl —0. 21 Wiis —0. 411 KLV 0,003 UMY 0.039
1LON —0.215 KON 0.054 VAL 0067
LA 0,206 AAR 0.074 LIPS —0.139 WIN —0.124

* 17, Regionad correction fuctor = 0.1
+ Lactitade 7° 10 HEN, longitude 36° 10 13°W,

Soveral comparisons can be made with this last nomber, namely, the magnitude
based @ long-period PP-wave amplitudes which has been abtained by using the meth-
odolagy of this paper to rorreet for the effcets of foenl meehanism. Fivst, consider
yi, based on long-period amplitndes but eareeted nan “exaet " sense for foeal meeha-
nism by means of equation (2), making vse of independently determined  foeal-
mechanism parameters, This magnitnde is found to be 6.09 == 0.21, which differs by
an insignificant amoont from the vihie above. Second, consider sy, based on short-
perviod amplifudes, For this, we ase as data sourees the Farthquake Data Report of
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TABLE T
Qryg oano P Faerons con mep- Nt ae, Ganer 2 Fveneg aw st

Slateon by Sation Qiy Stating pEYY Sation XY
AAM 0 851 1.ON 0,510 AQIY 0. MSH —0.0110 L.
RY KD .7 (AR an.7m ARE 0.371 NaAl -0, 111
AL 0812 Len 0,767 AT 0.021 Nbi 0,028
Bl 0.7 Mb= 0.815 13U, 0.011 NOR -0, 278
BHPe 0.610 MU 0,792 (N =011 NUR —0. 13
B (.60 MNN 0.780 CMe 0.0 POO —0. (62
BLA (TRT] NNA 0436 cop 0,013 PRI 0018
Lo 0.815 aGh 0801 Ghil -0.171 QUL -0.030
BOG .52 ONI 0,832 1H.W 0.008 SO -1, 006
[H{RYA 0.611 QUI 0,522 1HOW -1, (k1 NEH —0.017
(AR [ 0,181 IHY 3] 0.717 IST 0.008 S, — 0.0
Con 0.555 nol., 0.823 JER 0,005 SOM -0 111
N 0.672 sCP 0.876 K1y -0, 28 ST 0.045
DAL 0.7 SHA 0,822 KIp 0,305 TAB —-0.025
puG 0.668 SLAM 0.830 KO 0.011 TOL 0.000
FLO 0,830 T 0,707 KON —0. 115 ™I 0,035
GO 0,871 WES 0,900 LA —0.037 TN 0,306
Gk 00,587 LPPA 0,230 UM —0. 183
GO, 0,727 AAE —-0.00 Lrn 0.316 WIN 0.080
G 0,638 ANT 0.330 MAL —0.047

* L Regional eonrreetion Factor = —0.23,

T Lacicnde 19° (0 56°N ougitnde 28° 10 35°W,

TABLE 8
P-WAavE AMeLIrvoes axp Maaservpes row Fenrtanry G, 196) ESarrugu ake*

Station Bistance log .6 1 iy, Station histance log 4 T Hit,
tdeg) ey
‘01, 226 —-0.467 5.9 G RO .5 —0.510 6,27
Mt 3.8 —0.879 .82 Wiost 09.H —). 6O8 (IR ]
NORt A6 —0.628 6. O8 1HOWT 710 —0. 103 .63
abhiy a7 —0.549 [T coprt T —0.589 H.23
It 5.3 —0.1437 .31 LA Q2.2 —0.32 .50
BAGH 6.0 =045 (.29 NDit 2.8 —0.423 6.4
K5Vt i 3 —0.571 G, 18 VALY .0 —0.632 6.2
Kt 57.0 —0.7314 .02 QUISt 7.2 —0.34 .01
MAN{ SYml —0.1014 6. 6d STUT NS —0.778 G.08
LLUB 5.9 —0.677 G0N POOt N26 0,31 6,07 '
DAVY 6H0.7 —0.52H (.25 181t 82.8 —1).301 .37
ONF Gi 4 0,957 H.N3 N h I N —0. 131 0. O8N
~NHILLt [Nt —0.4131 6. 37 Kobt 870 =023 6H.01
NP 0. 7 —0.524 6. 28 TOLt he | —0.456 .30
KONt ON.0 0,33 G, 21 JERt hilNT —{), H68 [

*Pine: 02m52. 7,
T Saions for wlieh 20y > 00820, ax abtained feon Fable 1,

v and the Balletin of the haternational Seismologienl
Centre (ISCY. The former gives ny, = 3.9, based on the dataof 13 stanions, The Litter
wives oy, = 3.8, based on the data of 37 stations, Neither publieation gives a value of
the standard deviadgon, but all of the data necessary 1o ealeulade it ave provided,
For the ISC magnitade, we obun a stdard deviation of 0.71 s, for the NOS, o

] the Natonal Oceman Sorvey (NOS

—
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vithie of 025 Tlie latter, however, isnasleading, beesise it was the praetice of 1lie NOSR
to dvop adb stianons whose s vabne differed by more e 07 frora the average m, .
I these data twe not vejeeted, theve sre 19 stations, with an aveeage wn of 5250 the
stnulavd deviation then beeomes 0.71,

Finally, the methodology developed incthis paper was applied 1o the short-period 7#
smplitndes, as veported in the Bulletin of the 18C, Twelve of the 37 stations for which
amplitude data were given for this earthgnake are formnd in the list of stations with
2ey > 020 in Table 1 Using the smplitnedes of these stations, and taking acconnt of
the regional correetion factor, we obtatn my, = 3.0 + 057,

On the basis of all these cotparizons, and of il ones for the other sis earthquakes

TABLY

Sewvay o ey ok Dy rae Laerngn vhes Srapn

Long Peviod nz, Vilues Short Periend m, Valnes
Larthouake Rexion U orre ted Corrected for focal mechanism 1.
for fou al NOS I
el niEm Veesent method  “Eaact method*

el i, 105 Cironp | 6,28 0,02 g 021 GoAm 0,21 54 .8 [}
Ohs2, 7 Aleutinns (= d0 (o= ) o= 3 =18 e o= 8 IRV
A2 AN, 1A T
Nov 220165 Ciroap | W2 Lo GO0 g 0024 B0+ .26 A1 5.0
20030 52,0 Mentins n 1) \n 17 no= 1 tn 12) tn Iy
SLAN, 1708
duly20, 1969 (RFTIITR ) G0 £ 031 i w2+ 0l 628 - hjo .3 I} N
0N 24 20,2 Mentinns tn =82 tn o= 52 tn o= 52 n I} tn 13 s
SLAN, 171N
Febi, 6, 1085 Cirange du WS 016 BIN 016 6T L G G} [P [PH
01 10 83,2 Alentinues tn 30 { tno= 3 no= 3 ‘i 1 (r 12, [ AR N
SN, Wl 6N
Morel 30, 165 Chang dh 20 & 0,3 T B IS T 0 e -~ 7 7
0227 07.2 Meitims n 37 (o= 21 (n 37 given sy
SHAN, 1770k
Oet. 1, 1065 e 3t a0 4 0,22 i £ 0N a3l £ 011 6.8 (173
0% 52 011 Meations o ) (0 = 4t o= Wiy "o = A0 AN
SN, TS 20
Az, B, 1068 o | (A0 4 0,26 B.06% 4 21 DA E 3 6.1
1021 30 mid Athintice o= 3l ] 15) o= 31 o= Nt

TAN, 35 W

investigated, we conelnde that the standard deviations of my, obtained from long-period
P-wave amplitndes are siaer than those from short-pevtod ampliondes, and that the
method of eovreeting for foeal meelianism deseribed in this paper yields essentially the
same magnitide wnd standaed deviaiion as the more exaet method based on equation
(2). Fable 9 summarizes the resnlt= for all seven eavihqnakes.
Diserssion axp CoNcrLrsioss

Ome procednee for correeting body-wiave magnitndes for the effeet of foeal mechanisim
requires only n few simple steps, whieh e simmavized here, First, determine nneor-
reeted pg valnes st allstations foe whieli .1 7 data are available in the distanee rmnge of
257 10 100°, Second, nsing o table of 2ey fetors prepared for the hivpoeenteal region,
determine if the earthgnake’s radiation pattern corresponds 1o that of the dominant
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foeal meehanisnn of the reion (8yad, Kisslinger and Nuttli, 197 1), Thied, after veify
ing that the mechanism of the earthquake corvesponds to the dominant one, consult the
table of 2oy factors 10 seleet the stations with Zey > 0424, Find the average of the
i vadnies of these stations only. Finally, add the regional corveetion faetor, I, 10 the
average of these ny values, This will give the magnitude of the carthaguake, correeted
for the focal meehanism.

This procedure in prineiple ean be applied to cither shovt- or long-period body-wave
data. We prefer 1o use the first half-eyele of the long-period I* wave for magnitude eal-
cnlations beeause it is less influeneed by ernstal strueture at the station than the short-
period wave, However, for small magnitude earthquakes, there ix no choice, heese
the P-wave motion is too lirtle to be seen on conventional long-period seismagrams. At
first glance, it might seem that the practice of using the maxinum amplitude in the
first three eveles of the short-peviod 7 motion will eliminate the need for a foeal-
mechanism eorrection, that is, that only the amplitude of the first motion depends upon
the radintion at 1he souree. However, Jarosch  (1968) used snch short-period >-am-
plitude data to ealenlate the focal-mechanism parameters, which, as he showed, agreed
well with those obtained independently by Stander, who used long-period data. There-
fore, it follows that the maximum amplitude in the fiest three eyeles of the short-
period P2 motion depends upon the foeal-mechanisnn parameters in exsentially the same
way s the amplitnde of the first motion,

A philosophical question ean be raised concer-ing the desirability of correcting the
magnitude for the foeal mechanism. Tt might be argued that the magnitinde of an
earthquake should indieate the amplitude of the motion ax recorded at the existing
seismograph stations, corresponding to a navrow bundle of rays leaving the hypocenter,
ather than the average over the surface of the foeal sphere of the amplitude of all of
the ravs leaving the toeus. The answer 1 the quesaon will depend Gpon the wse swhich
one wishes to make of the magnitude values, If one is coneerned with an estimate of
the seismie energy, then the foeal mechanism correetion is appropriate. The correction
also is necessary if one wishes to set up an 1/« — i, diseriminant between carthquakes
and explosions whieh is ax free as possible of regional effeets,

In order to apply the present method to earthquakes in geographie regions other

it Thost {iseased in i pravpioay il Y sablve il Preph aloter ol ) py S el
sueh region. To cover all of the seismie regions in the world will require 1 major effort,
beeause n knowledge of the dominant focal mechanism is required for each sueh region,
However, the work ean be lightened somewhat, beeause, vather than attempt 1o do
focal meehanism sohitions for all sueh regions, one ean prediet a dominant mechanism
for a given region on the basis of plate tectonies and, then, use the amplitude data of
individual earthquakes to ensure that the assumed mechagism is eonsixtent with the
observed amplitudes, The methods developed in this paper for P-wave magnitudes also
e be applied 10 the correetion of S-wave magnitudes for the effeet of foenl meehanism.
We have ealenlated correction factors, analogous to the Zey factor of I waves, for SH
waves for the varions subgroups of the Aleutian Islands, Kamehatka, and the mid-
Atlantie Ocean. However, we have not vet tested the method with aetual SI data
heeause of the eather considerable effort required 10 obtain sueh data and beenuse
S-wave magnitudes are sddom reported or used in seismicity stidies,

AvreENpix
The factors ¢ and g, which appear in equation (2), are related to the foeal-mecha-
nism parameters and the geographical coordinates of the hypoeenter and seismograph
station by the following cquations (Stavder, 1962).
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ro=oud 4 Bt v

0= w,d + B + 73

where
F o= cos ¢ sin{
i = sin ¢ xin{
o= ¢an

and

a, = cos N, cos PL;
Be = sinAZ, cos P,
v, = sin L,
a, = cos AZ, cos PL,
3, = sin A2, cos L,
v, = sin 'L,

Tn the equations nbove, ¢ ix the azimuth of the ray path at the epicenter toward the
station, ¢ ix the angle of incidenee of the ray at the hypoeenter, A2, and AZ, are the
azimuths of the foree axes of the dauble-conple systenvand P Ly and L, are the angles
of phinge of the foree axes.
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